Introduction
The radial head fracture is responsible for 25-33% of injuries of the elbow, making it the most common fracture of elbow [1, 2] . While isolated and minimally dislocated fractures can be successfully treated with early functional treatment [3, 4] , dislocated radial head fractures often lead to early functional disability of the elbow joint [2, 5] due to a high percentage of associated injuries [6] . The combination of a dislocated fracture and unstable joint makes operative treatment as well as early mobilization difficult. Other treatment options include the implantation of a radial head prosthesis and resection of the radial head. The radial head prosthesis has become established as the choice of treatment for multi-fragmented radial head fractures with associated injuries, while resection of the radial head has increasingly fallen out of use and is now reserved for isolated fractures of the radial head without associated injuries [7] . The goal of the operative treatment is the reconstruction of the joint through anatomical reduction and functionally stable osteosynthesis with the possibility of early mobilization. Open reduction and internal fixation (ORIF) is used primarily for Mason II fractures. Its use in Mason III fractures is reserved for functionally stable fractures. If the reconstruction of the radial head is technically not possible, radial head prosthesis or resections of the radial head are further treatment options [8] .
The radial head is the largest transferor of force in the elbow joint; 80% of the force straining the arm at the wrist is transferred from the radius to the humerus [9] . If the radial head is removed, humeroulnar stress can reach peaks in the olecranon of up to nine times the body weight [10, 11] .
The radial head becomes especially important for stability when elbow luxation occurs [12] . Therefore, the reconstruction of the radial head is attempted when associated injuries are involved. In addition, the resection of the radial head not only can lead to humeroulnar osteoarthritis, but also additional proximal change in position of the radius and a relative ulnar advancement. The resulting incongruence in the distal radioulnar joint can limit mobility of the forearm [2, [13] [14] [15] [16] [17] [18] .
ORIF of the radial head is done in the situation of Mason II fractures with damage to more than one third of the joint surface and displacement of over 2 mm, fractures with more than three fragments (Mason III and Mason IV) and in the situation of unstable radial head fractures.
The goal of this study is to validate the clinical and functional results for reconstruction of the radial head.
ISSN: 2469-5777
Moghaddam et al. Trauma Cases Rev 2016, 2:028 to a point three centimeters distally. The fascia between the Extensor carpi ulnaris and anconeus as well as the articular capsule and anular ligament were split to expose the radial head. A careful reduction and temporary fixation through the use of forceps or K-wires was done, so that the plate could be placed, and then it was fixated with locking screws. Associated injuries to ligaments and bone were reconstructed and intraoperative mobility and stability were tested to ensure that there was adequate stability during pronation and supination.
Mini-fragment-screws were fixated from the cartilage boundary of the radial head perpendicular to the fracture surface and screw heads were sunk under the cartilage level. Radial head neck, multifragmented, and impression fractures were treated after reduction in the same way with help of a T-plate. During intraoperative examination, surgeons checked that the implant neither hindered pronation nor supination, and intraoperative joint stability had been achieved. Without associated injuries 15 41%
Type of associated injury
Elbow luxation with injury to the coronoid process 9 24%
Isolated injury to the collateral ligaments 3 8%
Elbow luxation without injury to the coronoid process 2 5%
Capitullum fracture 2 5%
Rupture of the anular ligament 2 5%
Monteggia-fracture 2 5%
Wrist injury 2 5%
Distal radius fracture 1 3% 
Fracture classification
Fractures were classified according to Mason [19] (modified by Broberg and Morrey [5] ). Besides routine AP and lateral X-ray images, Greenspan images [20] of the elbow were also taken. In addition, the AO classification [21] was used. Results yielded 16 (43%) Mason II, 10 (27%) Mason III, and 11 (29%) Mason IV fractures. Twenty-two patients had associated injures of the affected extremity (Table 1) .
Data collection
Demographic data was collected on age, gender, occupation, cause of injury as well as localization of the injury and extent of associated injuries. In 22 patients (59%), there was direct injury to the affected elbow; in 15 cases (41%) a fall on the outstretched arm was recorded. Injury in 41% of patients was due to commuting or work related injuries. Sport related injuries occurred in 19% of patients. In 16% of patients was due to road accidents, 24% to leisure time or domestic context related injuries.
Associated injuries
In the patient collective, 59% of patients had associated injuries on the affected elbow ( Table 1 ). The most common injury was a coronoid fracture due to elbow dislocation, followed by injuries to the collateral bands (37%). Sixteen patients had various combinations of associated injuries.
Operative care
Thirty patients (78%) were treated with ORIF and the use of two mini-screws. Three patients (8%) received ORIF with Poly-Pins. The mini-T-plate was used in four patients (11%). In addition, damage to the ligament structures required refixation with a Mitek-hook. In coronoid fractures, stabilization occurred with a screw from the opposite corticalis; smaller bone fragments were refixated with a Mitek-hook. A fixator was used if joint instability was observed [22] .
On average, patients received treatment on the seventh day after injury (6; 0-20 days).
Surgical procedure
The patient was positioned supine and the arm was abducted and pronated to be positioned on an arm table. A dorsoradial incision was performed distal to the epicondylus and extended over the radial head
Post-surgical care
On average, affected arms were mobilized early after surgery (two days after surgery). In patients who received a refixation of the collateral bands, varus and valgus stress was avoided for six weeks. A dorsal brace was used to temporarily limit elbow extension in patients with refixation of the coronoid process.
Follow-up
Patients' everyday use of the affected extremity, strength, and dexterity were documented with a standardized questionnaire. Patients also reported pain and subjective satisfaction with the operation. The evaluation of results was done according to the Morrey (Table 2) 
Radiological follow-up
Two surgeons evaluated follow -up radiographs for implant location, humeroulnar osteoarthritis, loss of reduction, and loosening of the implant. Perarticular ossification was classified according to Brooker [5] . In order to determine if a dislocation of the ulna had occured, X-rays of both wrists were compared [25] .
Approval and data analysis
The ethics committee of Mainz approved this study with the number: 837.322.07 (5857). Data analysis was done with Microsoft Office Excel 2003.
Results

Clinical results
Flexion was on average 135° (140; 90-150°; standard deviation of 11.3), extension deficit was 13° (10; -5-80°; SD 18.6), supination 80° (85; 10-90°; SD 15.8), and pronation 82° (85; 45-90°; SD 10.2). In comparison to the healthy elbow, flexion of the affected elbow was 96%, supination 92%, and pronation was 97%. Sixteen patients (43%) ( Table 4) had an extension deficit. Wrist mobility was limited in eight patients (22%) in comparison to the healthy side.
The strength relationship of the injured to non-injured side was 0.9 (1; 0.3-1.2; SD 0.2), which in turn led to a reduction in strength of the injured side by 9%.
The relationship of the lower arm circumference of the injured to non-injured side was on average 1 (1; 0.8-1.1; SD 0.05). The cubitus valgus of the affected side was 13° (11; 5-30°; SD 6.6) in comparison to the non-injured side which was 11° (10; 5-20°; SD 4.5). 
Analysis of scores
Patients showed an average Morrey score of 90 points (92; 60-100; SD 10.8). According to criteria set forth by Morrey, 24 patients (65%) received a score of very good, five patients (14%) good, and eight patients (22%) satisfactory. No patient received a poor score. According to Radin und Riseborough, 22 patients (59%) received a score of good, eight (22%) satisfactory, and the remainder (19%) poor.
In the group with associated injuries, 12 patients (55%) had very good results, three (14%) good, and seven (32%) satisfactory according to Morrey. In the group without associated injuries, 12 (80%) had very good results, two (13%) good, and one (7%) satisfactory ( Figure  1, Figure 2 , Figure 3 and Table 5 ).
Rehabilitation
At the time of injury, 33 patients (89%) were employed. Three patients were homemakers and one patient was retired. Overall, 10 patients (27%) had employment that could be classified as hard labor (e.g. carpenter), 20 patients (54%) middle hard (e.g. production manager), and seven patients (19%) light (e.g. office work).
Length of disability
The disability interval was less than six months in 27 patients (73%), 6-12 months in 7 patients (19%), and over 12 months in three patients (8%). Twenty-eight patients (76%) continued with their work without limitations. Eight patients (22%) reported limitations. One patient (3%) who had had an unstable elbow luxation fracture was required to change jobs due to a postoperative infection which ultimately lead to an elbow arthrodesis [26] .
Radiological results
A radiological examination was done in 34 patients. In five cases (15%), there was a loss of reduction. In these five patients, one patient had an instance of implant failure due to loosening of the mini-Tplate. Another patient received a reosteosynthesis with a cancellous bone graft. Consolidation took place in the remaining three who had loss of reduction and dorsal angulations up to 20°. Non-unions were diagnosed in two patients (6%). The remaining 27 patients (79%) showed adequate consolidation. Joint displacement was observed in 24 patients (71%), from which 14 (41%) had up to 1 mm, 8 patients (24%) between 1-2 mm, and two patients (6%) between 2-3 mm. Periarticular ossification was classified according to Brooker [25] . Twenty-three patients (68%) showed no periarticular ossification; five patients (15%) showed minimal, two (6%) some, und four (12%) substantial periarticular ossification. Humeroulnar osteoarthritis was diagnosed in one patient (3%), in four (12%) some, in 11 (32%) minimal, and in 18 (53%) there was no osteoarthritis in the humeroulnar joint. Ten patients (29%) showed ulnar advancement of 1.7 mm in radiographs of the wrist. satisfied. Regarding everyday activities, 65% had no limitations, 32% had few limitations, and 3% significant limitations. A subjective reduction in wrist strength was reported in 29%. Seventy-one percent of patients reported no limitations. Twelve percent complained of pain in the wrist under strain and at rest, 14% only under substantial strain, and 74% reported no pain at all.
Complication
Osteosynthesis failure was seen in only two cases: reosteosynthesis was performed in one patient two weeks after diagnosis, and an Evolve ® prosthesis was implanted in the other patient. Four patients showed periarticular ossification. One patient required an arthrolysis. Two patients experienced a loosening of a screw through the use of an external fixator. This resulted in an unstable elbow luxation fracture and an infection requiring multiple surgeries and ultimately ending in an arthrodesis. Other complications included a temporary injury to the deep branch of the radial nerve and a compression of the radial nerve requiring revisional surgery. At no point in follow-up (after 32 and 46 months) were other neurological deficits seen.
Discussion
We were able to show in our study collective that reconstruction and osteosynthesis of radial head fractures leads to overall good functional results. Twenty-nine patients (79%) were evaluated according to Morrey as good or very good, and eight patients (22%) as satisfactory. Disability was documented as less than six months in 
Subjective patient evaluation
Minimal or some pain was reported by 54% of patients with 43% reporting no pain. One patient (3%) had severe pain. Thirty-eight percent of patients never had pain, 27% rarely, 19% occasionally, 14% regularly, and 3% always. Patients reported a subjective reduction in strength in 57% of cases. Nineteen patients (51%) were very content, eight (22%) content, eight (22%) satisfied, and two (5%) were not 
Total
With assoc. injuries Without assoc. injuries 27 patients (73%), and 6-12 months in 7 patients (19%).
Strengths of this study were the size of the patient collective and the extensive clinical examination and documentation. One possible weakness is the absence of a comparison group, which was impossible to achieve because non-dislocated fractures are conservatively treated and higher grade injuries are mostly treated with a radial head prosthetic device in our center.
In our clinic, radial head fractures are treated operatively if more than one third of the joint surface is affected and dislocation of more than two millimeters is present. AP and lateral radiographs are routinely taken as well as Greenspan images. If the fracture is multi-fragmented, an additional X-ray of the wrist is taken. A CT is performed only if a decision has to be made if operative or conservative treatment should be done (e.g. in instances of capitullum fractures).
If a fracture can be anatomically reconstructed and afterwards is functionally stable, ORIF is a possible treatment option [27] . In our centre, ORIF is always performed in combination with treating associated injuries, including the reconstruction of ligament injuries or coronoid fractures. The goal is any case to achieve a functionally stable joint with the possibility of early mobilization [27, 28] .
Resection of the radial head was previously believed to be the best treatment of radial head fractures [19, 29, 30] . Numerous studies have shown that chronic conditions can result from radial head resection, especially in patients with associated injuries, such as cubitus valgus, ulnar advancement, mobility limitations, loss of strength, and pain in the elbow [1, 2, 26, 27, [30] [31] [32] [33] . Mutschler et al. reported chronic pain in the wrist and proximal advancement of the radius [34] .
Beingesser et al. showed in a biochemical cadaver study that a radial head resection in combination with ligament injury leads to elbow instability; however, if there was no ligament injury present, resection did not apparently lead to instability [12, 35] .
Itamura et al. documented results for a patient collective of 24 patients with Mason II and III fractures who had no ligament injures according to clinical examination; however, according to MRT images, there was an injury to the medial ligament in 13 patients (54%), and lateral ligament in 18 patients (80%) [6] . In the case of a radial head fracture, according to our biomechanical understanding, one would expect elbow instability with chronic problems. Also it's very important to check the adjacent joint e.g. the wrist for any kind of fracture; as well for a monteggia-like-lesion or galeazzi fracture. In our collective we attained a Morrey score of very good and good for 29 Patienten (79%). Eight patients (22%) had satisfactory results. There were clearly worse results for patients according to Morrey and Radin and Riseborough if patients had associated injuries of the elbow (Figure 1 and Figure 4 ). The subjective evaluation of patients showed similar results: 73% had good or very good results.
On average, strength of the affected limb in comparison to the healthy side was reduced by 9%. Seventeen patients (46%) had a strength deficit in the injured arm compared to the healthy side and 54% of injuries affected the dominant side. A lessening of strength was reported in 57% of patients, from which there was only a small difference in strength according to our measurements with a Jamar®-Dynamometer.
Lindenhovius et al. confirmed the advantage of ORIF over radial head resection because it offered more stability and they saw a reduction in humeroulnar osteoarthritis [36] . They reported worse results for the osteosynthesis of multi-fragmented fractures and stated that a resection of the radial head was perhaps a better choice.
In a similar study, Ikeda et al. reported that patients receiving ORIF showed improved mobility and functionality of the elbow as well as more strength than in the group with a radial head resection [16] .
It should, however, be emphasized that both studies were retrospective; in addition, one could assume that patients with radial head resection suffered from higher grade radial head injuries. Therefore, it is more meaningful to compare radial head resection with the use of a radial head prosthetic device. Our study was also retrospective because prospective studies, as described above, are only in certain instances possible to execute.
The percentage of radial head fractures with associated injuries is documented as being 30% in the literature [5] . We observed that the number of associated injuries substantially increased in severe radial head fractures. A fall with outstretched arm is the most common cause of injury in the literature. This does not appear to be true according to our experience when dealing with higher grade injuries. In our collective, 59% of patients had direct injures to the elbow.
Finally, in our collective there were two cases that required reosteosynthesis after loss of reduction. Both patients clearly had fractures that could be treated with ORIF.
Primary diagnostic and correct treatments are decisive for the proceeding healing process. A faulty osteosynthesis can lead to enormous periarticular ossification and even synathosis [2, 34, [37] [38] [39] [40] . It should be noted that the intraoperative findings are often more complex and detailed as assumed preoperatively [6, 41] . Lasting articular displacement can result in painful osteoarthritis. On the other hand, a rash resection can lead to instability of the elbow or proximal dislocation [42] . In both cases, revisional surgery is difficult: patients complain of functional limitations and persistent pain [36] . In such cases it is recommended to change to a radial head prosthetic device, or if injuries are isolated a total resection [27] .
According to our results, the reconstruction of the radial head is recommended when a functionally stable result is possible. The decisive indication for ORIF is necessary for determining the proper operative methods. The restoration of a functionally stable situation is most successful in Mason II fractures and fractures with a maximum of three fragments.
Borderline indications are in complex multi-fragmented injuries in combination with mono-or polyligament damage. This is where reconstruction is limited and a prosthesis implantation is perhaps the better choice [7, 43] .
In our patient collective, we attempted to mobilize patients early. Our patients with no associated injuries showed good results. Reconstruction of the radial head appears to be a good method for treating simple fractures and its outcome is dependent on the presence of associated injuries.
Conclusion
Dislocated radial head fractures commonly have associated injuries. Therefore, the combination of reconstructing the radial head and repairing injured ligaments, allows for early mobilization, and is important for clinical outcome. If a functionally stable osteosynthesis cannot be performed, further possibilities include complete resection in fractures with intact ligaments, or if there is ligament damage and/ or substantial instability, radial head prosthesis is recommended.
Case 1: Images 1a-d
Images of a 38 year old patient after a fall while inline skating. It was a Mason II radial head fracture with a fracture of the capitullum. 
